INTRODUCTION
There is an increasing interest worldwide to investigate prehistoric population history based on distributions of radiocarbon dates (e.g. Gamble et al. 2005; Fiedel and Kuzmin 2007; Shennan and Edinborough 2007) . It has been noted, however, that positively curvilinear frequency distributions sometimes observed in archaeological contexts can also be observed in paleontological and geological contexts due to time-dependent destructive processes (Surovell and Brantingham 2007) . This fact demands special attention to whether the observed distribution pattern indeed reflects the true demographic signal.
The dates-as-data approach has been applied in this work on this question in the area of eastern Fennoscandia (see also Tallavaara et al. 2010) . Archaeological 14 C data gathered from the eastern Fennoscandian context has been scrutinized to discuss the suitability of the data for studies of population history. Specifically, the factors affecting the shape of the date distribution have been elaborated to use the data as a basis for archaeological interpretations related to population history (Tallavaara et al. 2010 ). The obtained results will eventually support the spatiotemporal studies of the population history of the eastern Fennoscandia combining archaeology and genetics (Onkamo et al. 2008 ).
The paper is organized as follows. First, biases potentially influencing the 14 C dates distributions within eastern Fennoscandia are briefly discussed. Methods are presented to study the potentially most apparent biasing factors in detail. The yielding 14 C date distributions are presented and discussed within the framework established. Date distributions are scrutinized against the most evident sources of biases: possible research priorities and deterioration of sample materials. The approach of Surovell et al. (2009) is applied to attempt taphonomic correction for the most common sample materials. Finally, an estimation for the own-age effect of wood and charcoal samples is presented on the observed distribution maximum with respect to the own-age-free data.
BACKGROUND
Studying past population levels with 14 C dates is founded on the basic assumption that the date frequency correlates positively with the number of past inhabitants. Those inhabitants left datable material remains that are assumed to be dated randomly in relation to their age. This is not straightforwardly plausible, since it is likely that varying research emphases might play a role. The selection mechanism leading to a 14 C date is a result of a complicated chain of events that starts from the observation of an archaeological site. It is followed by excavation, an identification of datable material, and, eventually, sample selection. All these phases may result in a bias that shows up in the temporal distribution. Furthermore, one has to assume that the date frequencies are free from other types of biases such as taphonomic effects (Surovell and Brantingham 2007) and other natural processes. However, since sample degradation is a well-known feature of wood and bone, in particular, the assumption deserves a closer look. Sample degradation operates behind all sample selection mechanisms and limits the possible material types to choose from for 14 C dating.
Most archaeological surveys in Finland are carried out by the cultural heritage authorities (National Board of Antiquities) without any scientific interest or focus on certain periods. The same applies to rescue excavations at sites determined by contemporary land use rather than by scientific questions. Thus, such surveys and excavations should not yield 14 C dates purposefully concentrated on certain archaeological phases. On the other hand, their potential effect on geographical biases should be kept in mind: the number of rescue excavations may correlate positively with the density of construction sites, for instance.
Time-dependent destructive processes can also have an effect on age distributions, as Surovell and Brantingham (2007) note. Organic samples are less likely to survive over time after deposition. Particularly, the soil of eastern Fennoscandia is known to be naturally acidic due to the absence of neutralizing minerals such as limestone. The acidic soil deteriorates bone material (Mays 1998 and references therein) and makes it unattainable for future archaeological study. On the other hand, cremation at >600 C is known to recrystallize the inorganic carbonates imbedded in the bone structure (Lanting et al. 2001) . Recrystallized inorganic carbonates are expected to survive better in the hostile eastern Fennoscandian soil compared to organic bone collagen. Wood and plant samples in general are subjected to decomposition due to different abiotic (moisture, temperature, pH) and biotic factors (microbial activity). Although the eastern Fennoscandian latitudes provide a less hostile environment for organic matter compared to central Europe thanks to colder temperatures, the estimated mass loss for pine is up to 5% per 3 yr in typical forest soils (Jurgensen et al. 2004) .
A charred material has a better resistance to these environmental challenges. Charcoal, due to varying uses of fire, is commonly found in archaeological sites, and it is datable by both the beta counting and accelerator mass spectrometry (AMS) techniques. Large material resources of charcoal have yielded a large number of 14 C dates, as we will later see. One of the advantages of AMS dating is the possibility to date food residues and other organic remains in ceramic vessels. In Finland, the composition of these residues has rarely been analyzed, so the residues are usually called "charred crust" with the exception of shiny black birch-bark tar, which has been used as sealing putty for broken vessels (Pesonen 1999; Reunanen 1999) . The same material is occasionally found in small lumps with impressions of teeth-hence the name "chewing resin." In all, some differences are expected to show up between the temporal sample-specific distributions of 14 C dates.
Certain dated materials may have had considerable age of their own before they were actually used in prehistoric times. The most obvious is the use of deadwood in camp fires. This possibility must be taken seriously in northern areas in particular, where deadwood as old as hundreds of years may have been collected for firewood (see Carpelan 2004a:37-41 ). Deadwood and/or recycled wood may also have been used for wooden structures. Typical dated wooden objects are skis, sledge runners, and the like, in which using deadwood would be strange. In such a case, the own-age effect of wood and its derivatives (like charcoal) would be restricted by the short intrinsic lifetime of freshly cut wood. Charred crust and birch-bark tar are probably the most accurate dating materials from the point of view of own age: charred crust is derived from animals and young plants, and birch-bark tar is made from the fresh new outer layer of birch tree bark (e.g. Reunanen 1999; Hopia et al. 2003) .
Some natural processes may also have affected the visibility of archaeological material in our research area. One notable factor here is the transgressions that took place in many of the lake basins during the Holocene (Saarnisto 1971) . The most extensive of these was the transgression that took place about 8000-4000 cal BC in the Saimaa Lake complex (Saarnisto 1970) . The lake buried whole sequences of settlement history in large areas of eastern Finland. Finally, the effects of prehistoric mobility patterns must be considered because it is reasonable to assume that mobile hunter-gatherer groups left behind more sites in a given time than sedentary groups. However, in this paper we concentrate merely on the usefulness of 14 C dates in terms of research priorities, deterioration, and ownage effects. We intentionally avoid archaeological interpretations to which the geographical and prehistorical considerations may lead us. These interpretations are presented in another article (Tallavaara et al. 2010 ).
There is an issue that is not dealt with in the present work, namely reservoir effects. Due to fossil carbonates incorporated in marine/freshwater sediments and via the foodchain in even humans, older 14 C ages have been determined for samples dependent on aquatic resources (Cook et al. 2001 and references therein). Unfortunately, the specificity of the present data does not allow for investigating the reservoir effects, but the need for a considerable effort in the future is realized.
METHODS

Radiocarbon Data
Archaeological 14 C analyses performed at the Dating Laboratory (Finnish Museum of Natural History, University of Helsinki) forms the backbone (80%) of the used 14 C data set. The analyses at the Dating Laboratory in Helsinki were performed with conventional beta counting techniques (Helcode) until 2003. Analyses by accelerator mass spectrometry (AMS, Hela-code) commenced in 1994, and the technique took over completely by 2004. The data have been published as date lists (Jungner 1979; Jungner and Sonninen 1983 , 1989 , 1996 , 1998 up to Hel-4132 and Hela-154. The data set was extended to cover-as thoroughly as possible-the other published archaeological 14 C dates from the eastern Fennoscandian territory measured either at the Dating Laboratory or elsewhere. In addition, the data contain also those unpublished dates that have been kindly released for our use by many Dating Laboratory customers.
Altogether, the collected database consists of 2565 individual 14 C dates forming a timeline for the period from the earliest colonization in ~9000 BC to the modern era. The data set also includes the last millennium to highlight the material differences, and therefore differs slightly from the set used by Tallavaara et al. (2010) . The database is strongly governed by charcoal finds: of the original data, 55% is from charcoal dates. Wood samples represent another large fraction of dates amounting to 13.5%. Other sample materials are mostly charred crust, bone, cremated bone, and birch tar. The shares of these remain below 8% each.
Within the gathered database, we have intentionally avoided to make any a priori exclusive selections on the dates. Instead, we have relied on the archaeological scrutiny contemporaneous with the sample selection to establish a link between the dated sample and the archaeological context. This approach is justified, since possible erroneous selections are expected to form a clear minority within the data set studied, and their role is merely statistical, not systematical. Furthermore, we have trusted in the scientifically proven quality control methods of the 14 C community to reveal erroneous 14 C results. The 14 C sample pretreatments and analyses have been carried out by using well-established methods that have been subjected to numerous international intercomparison studies over the years (e.g. Scott et al. 2007 ).
Fractionation corrections were not originally made for the Hel dates obtained before 1987. Thus, the measured  13 C values for each sample material type have been averaged and the average values have been used to correct for the fractionation effects for those results. In displaying the frequency distributions, 100-yr time intervals have been used and the temporal axis is presented as uncalibrated in units of years before present (BP) (Stuiver and Polach 1977) . Displaying the calendar year probability distributions has been done in our parallel study concentrating on the archaeological interpretations of the data (Tallavaara et al. 2010) . Quantitative information on similarities between temporal date distributions has been obtained by performing linear correlation analyses.
Analyses on Effects of Research Interests
The data produced by the Helsinki Dating Laboratory (codes Hel-/Hela-) includes the most complete information on, for instance, sample submitters and submission dates within the total data set. This data (1979 14 C dates) forms a representative sample of the total data, and it has been used to investigate changes in the date distribution over decades and the effects of research interests. The linear correlation coefficient between the chosen data set (1979 dates) and the total data set (2565 dates) is R  0.99, thus well justifying the selection.
As the highest cultural heritage authority in Finland, the National Board of Antiquities (NBA) governs most of the archaeological surveys and rescue excavations. In such studies, there should not be major a priori preferences set over any archaeological period. Therefore, a data set formed by the single NBA-submitted dates is expected to reflect essentially a temporally unbiased date distribution. These individual dates have been selected from the database, and specifically the dates belonging to any larger date series have been disregarded. The selected data set has been used as a reference for correlation analyses to evaluate the effects of research interests.
Varying interests are typically realized through more individual efforts (e.g. PhD theses/personal grants) and/or through collaborative research (larger projects). Both types have been studied to shed light on the origin of possible biases. The Hel/Hela archaeological database consists of results of dated samples from 143 suppliers. The data have been split into two in order to study possible researcher dependencies: one half by the most active 16 researchers and another by the remaining 127. Each subset is assumed to suffer from researcher-dependent biases. It is also assumed that by summing a large number of small subsets of data, one approaches a situation in which possible researcher dependencies would cancel out. On the other hand, by summing a small number of large subsets of data, possible researcher dependencies are expected to be seen more prominently. In addition, as an example of the possible project-dependent biases, we have taken a look at the largest individual project producing and concentrating on 14 C dates in Finland over the last 20 yr-the Early in the North project (Carpelan 2004b )-to reveal its role in the resulting total date distribution.
To shed light on possible changes in date distributions over the last 40 yr of 14 C dating within eastern Fennoscandia, the data set has been eventually divided according to the decade during which the sample was submitted to the laboratory. We expect the changes in research interests or other systematical effects over the years to show up, altering the shape of the date distribution over the decades.
Material Dependencies
The distributions have been presented separately for bone, charcoal, charred crust, cremated bone, and wood to illustrate the sample material-dependent effects on the date distributions. The analysis has been compiled on the total data set of 2565 14 C dates by concluding on the sample materials mostly suffering from taphonomic effects and attempting the relevant corrections. The correction procedure for taphonomic effects is adopted from Surovell et al. (2009) . They used a database of 14 C-dated volcanic deposits from Bryson et al. (2006) and have developed an empirical model of taphonomic bias by arguing that the site destruction probability decreases with site age instead of the previous assumption of a constant rate of destruction (Surovell and Brantingham 2007) . Particularly, their core result can be expressed as n t = 5.726442 × 10 6 (t  2176.4) 1.3925309 ( 1) where n t is the number of 14 C dates surviving from time t.
We have modified Equation 1 slightly to make it better correspond to the data set of the last 10,000 14 C yr. The same 14 C dates of the volcanic deposits from the Bryson data set have been used, but in the age range of 200-10,000 BP. On these uncalibrated data, the same fit is performed as Surovell et al. (2009) . This yields a slightly modified equation for n t :
n t = 9.033327 × 10 10 (t  7640.7) 2.4114
The new n t has been calculated by using Equation 2 for the selected subsets of data. For each time interval of the date distribution, the number of observed 14 C ages has been divided by this value n t for the median year of that temporal interval. Finally, the obtained results have been normalized by matching their sum to unity for all the distributions.
Analysis for Own-Age Effects
Estimations of the centroids of local maxima in the date distributions were performed as follows. Following the guideline of avoiding any a priori prejudices concerning the date distributions, dates were assumed to be distributed normally around the true local maximum of the distribution. Thus, Gaussian shapes were fitted into these local maxima to estimate their centroids. Whereas non-normal distributions can, and most likely do, appear, their effect on the centroid analyses should remain within the statistical uncertainty of an individual 14 C date, and thus Gaussian fit seems reasonable.
Particularly, in the estimation of the wood and charcoal own age, it proceeded as follows. First, the combined wood and charcoal date distribution was assumed to reflect the possible own-age effects present. The data were therefore split into 2 data sets: 1) dates of wood and charcoal samples and 2) all the remaining dates of samples with assumed shorter intrinsic life. A characteristic peak at 5000 BP in the distribution was used to estimate the magnitude of the cumulative own-age effect. It is expected that the possible cumulative sample own age should shift the peak towards the older age. The own-age effect was estimated as the difference between the centroids of Gaussian fits for data sets a) and b) on the region 3500-6500 BP. The eventual uncertainty of the own-age effect was determined by quadratic summing of centroid uncertainties at a 1- level.
RESULTS AND DISCUSSION
Amount of Data
The collected set of 14 C dates geographically covers Finland, the Karelian Isthmus, and southwestern parts of the Karelian Republic (Figure 1 ). For the sake of simplicity, the term "eastern Fennoscandia" is used to describe the territory included. This is also consistent with a parallel study by Tallavaara et al. (2010) . The data set in this study contains 2565 individual 14 C dates. The amount of available data could be compared to the demographic studies in Germany, Poland, and Denmark performed by Shennan and Edinborough (2007) : 1709, 214, and 388, respectively. We assume that the size of our data forms a reasonable foundation to begin population history studies.
Temporal Distribution
The temporal distribution of the total data set and charcoal data set is presented in Figure 2 . The total distribution is strongly governed by results of charcoal samples since they account for more than half of the data. The most outstanding feature of the temporal date distribution is a local maximum at ~5000 BP. The age corresponds to the beginning of the Typical Comb Ware period of eastern Fennoscandian prehistory (e.g. Carpelan 1999 ). This peak is followed by a decline towards ~3400 BP. The number of dates rises again through the Metal Ages and towards another local maximum around 2000-1800 BP. The observed peak and the successive minimum are very distinctive features of the distribution. In the following discussion, we mainly concentrate on the most outstanding feature of the distributions: the local maximum around 5000 BP, i.e. the Stone Age peak.
Research Interests
We take a detailed look at the role of research interests in the formation of the observed pattern by examining the 14 C date records of the National Board of Antiquities and the most active researchers and projects ( Figure 3 ).
As pointed out earlier, the data set of individual 14 C dates by the National Board of Antiquities should reflect the archaeological surveys and rescue excavations done without emphasis on certain periods. Therefore, it can be considered a representative subset of such basic archaeological fieldwork done in eastern Fennoscandia, and thus should give an unbiased view of the temporal distribution of the performed 14 C analyses. The distribution (Figure 3a) shows a similar pattern compared to the total data (Figure 3b) . Particularly, the Stone Age peak starts to reveal itself already within this data set and it is followed by a decline towards 4000 BP. This visual observation of pattern resemblance is supported by a correlation analysis that results in R 0.87.
The Stone Age peak is, however, more outstanding in the total data (Figure 3b ). It seems that the structure is due to the most active sample submitters (Figure 3c ). The general trend in Figure 3d (the other 127 submitters) appears to be fairly similar, although the peak is not as well resolved. This is reasonable since the former distribution is due to some of the most prominent characters of Finnish archaeology within the last 40 yr, and their fingerprints should definitely be visible in the data. Indeed, the sharpening of the observed structures in Figure 3c illustrate the role of these individuals in shaping archaeological research in Finland. If we assume that Figure 3a represents an unbiased date distribution, the observed changes towards a total distribution (Figure 3b ) and the distribution due to the 16 most active researchers (Figure 3c ) reflect personal or institutional research interests. Whether or not to call this a bias is merely a matter of perspective-we think it would be unfair towards the most active archaeologists and institutes to categorize their work as less useful with respect to the population historical studies. Nevertheless, this massive data set definitely has a flavor of personal and institutional research interests.
Concerning the research projects within the last 20 yr, clearly the largest individual one producing samples for 14 C analyses has been the Early in the North project (Carpelan 2004b ) during 1994- 1998. It has produced ~5% of all the dates in the data set. When comparing the resulting date distribution (Figure 3e ) to the decadal distribution of the 1990s (Figure 4b ), temporal biasing resulting in the Stone Age peak in particular seems negligible. In contrast, the relatively low correlation coefficient (R 0.68) indicates a somewhat different pattern and, indeed, the project did concentrate on the prehistory of northern parts of Finland. The differing pattern seems to be due to this geographical setting, and this deserves a more thorough archaeological interpretation (see Tallavaara et al. 2010) . No other research project stands out from the data set and the share of any of them remains below 5%. Thus, their effect is expected to be fairly insignificant. Figure 4 The Hel/Hela date distributions (Dating Laboratory, Helsinki) grouped according to the submission decade. N  number of 14 C dates, R  linear correlation coefficient between the given data and data in Figure 3a ).
Decadal date distributions over these years are displayed in Figure 4 . The pattern visible in the total data set with the Stone Age peak appears also in the decadally grouped data. Particularly, it is shown during the last 3 decades, but there is clear concentration of dates between 6000 to 4000 BP as early as in the distribution of years [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] . However, the distribution of dates corresponding to sample submission years 1968-1979 suffers from low statistics and possibly also from inappropriate sample selection procedures at the dawn of 14 C analyses in Finland (Jungner 1976) . Nevertheless, the general pattern seems to be similar to the other subsets. A visual analysis can be quantitatively verified by correlation analyses. The linear correlation coefficients between the decadal data sets and our reference distribution are consistently within 0.78-0.82. This shows that the 14 C analyses for eastern Fennoscandian sites have, decade by decade, yielded a nearly identical distribution pattern. It is also worthwhile to note the increase of old dates (10,000-8000 BP) in the beginning of the new millennium. This is mostly due to the availability of a cremated bone pretreatment procedure that was established recently (Lanting 2001 ) and adopted subsequently in Finland (Jungner 2003) .
Material-Dependent Effects
Few ski/boat finds exist with ages that predate 2000 BP (Figure 5a ). This is due to wood degradation. Similarly, unburned bones suffer from the naturally acidic soil of eastern Fennoscandia and, therefore, the bone date distribution peaks strongly in the last millennium (Figure 5b ). Due to their resistance to environmental challenges, charcoal, cremated bone, and charred crust samples provide better tools for studying the origins of the colonization of eastern Fennoscandia. In particular, charcoal data dominate the total distribution in the region of 9000-2000 BP. Cremated bone samples date back to the earliest phases of colonization (~9500 BP). The sharp emergence of charred crust dates in the date distribution at ~6250 BP corresponds to the earliest use of pottery.
It is also apparent that relying on bone and wood samples alone would give a very distorted picture of the archaeological record for the Holocene period in the area. The peaking of bone and wood sample results to ages <2000 BP motivates us to examine the correction procedure suggested by Surovell et al. (2009) for taphonomic biases (Figure 6 ).
It seems that local maxima are somewhat present in the corrected frequency distributions of both bone and wood samples within the range 3000-6000 BP, as also observed for charcoal data. However, low statistics in both the bone and wood data do not allow us to determine whether a similar Stone Age peak took place in ~5000 BP. If we adopt the degradation rates of wood presented by Jurgensen et al. (2004) for Finland, Stone Age wooden findings in eastern Fennoscandia should not exist at all. Nevertheless, they do, and the explanation seems to lie with anaerobic bogs where some rare Stone Age samples have been preserved. The relative enhancement of both the bone and wood data within <1000 BP may result from a preferable selection of material for dating: bone and wood may be preferred over charcoal for various reasons. Dendrochronology could potentially be applied to well-preserved wood samples or they could be identified even taxonomically. Such investigations also form a solid foundation for 14 C dating. Having a shorter intrinsic life, bone samples often take precedence over charcoal and also enable dietary studies with stable isotopes, which makes them scientifically more interesting.
It is clear from Figure 6 , however, that the identical correction procedure works differently with all sample materials. In fact, the 14 C data used to obtain the taphonomic correction are derived from volcanic deposits, and therefore, among all archaeological sample materials, charred samples should be the ones in which correction should work well since their taphonomic rate is presumably similar. However, the procedure seems to overcorrect the charcoal distribution, and corrected data would even indicate Stone Age human activity exceeding that in the Metal Age and even in the Middle Ages, which is hard to digest. Thus, we realize the need of material-dependent degradation rates to further improve the correction procedure for the data set, if it is to be applied. On the basis of our analysis, we are hesitant to determine the proper magnitude of possible correction for a certain sample material type, or whether it should be applied at all. For instance, charcoal samples in our data seem to survive better compared to the volcanic deposits on which the correction procedure is based. Figure 5 Date distributions of wood, bone, cremated bone, charred crust, and charcoal samples
Own-Age Effects
As expected, the Stone Age peak centroid of the charcoal/wood data set (4929 ± 76 BP) is shifted towards the older ages by 42 ± 79 14 C yr (1 , Figure 7 ) with respect to the corresponding peak centroid in the rest of the data (4887 ± 21 BP). The obtained average own age can be caused by individual wood/charcoal sample own ages that, on average, have low values but for which the individual own ages (the distribution tails) can be spread out by up to 240 14 C yr (with 3- confidence). When combining all the data together, the Stone Age peak centroid (4907 ± 21 BP) falls in between the above values. The typical uncertainty of an individual 14 C analysis with an age of 5000 BP is ±50 14 C yr and larger than the overall influence of the wood/charcoal data. Therefore, we consider the observed own-age contribution to be fairly insignificant in the context of population history studies for the observed local maximum. However, we also note that the own age is known to be present for individual samples with intrinsic life, and therefore, it should be preferably considered separately for individual contexts. Furthermore, effects may be culture and time dependent, although the statistics of our data allow for studies of the Stone Age peak only.
CONCLUSIONS
The overall picture is consistent with the following. Individual dates by the National Board of Antiquities, and to some extent also the small data subsets (the 127 subsets), yield more or less similar date distributions that already reveal the local maximum around 5000 BP. These possibly reflect the results of the more or less temporally random archaeological surveys and rescue excavations. The basic archaeological fieldwork forms a foundation for further and more thorough archaeological research that eventually shapes the temporal distribution of 14 C dates. We observe an outstanding Stone Age peak in practically all the displayed date distributions. It has its origin in the longstanding and prevalent research effort that is manifested by the observed stability of decadal distribution patterns. Whereas some research interest biases in the patterns cannot be ruled out, this is not a solid enough argument to exclude data that definitely carries mostly relevant and representative information on the archaeological record collected during the last 40 yr. Indeed, the stability of the observed Figure 7 Estimation of the average own-age effect for dates of wood/charcoal samples. The data within 6500-3500 BP contains 381 and 260 14 C dates for wood/charcoal and others, respectively. distribution patterns indicates something else: it is hard to believe such a pattern to emerge without a positive correlation to prehistorical population levels.
Due to their resistance to environmental challenges, charcoal, cremated bone, and charred crust samples provide the most useful tools for studying the origins of the colonization of eastern Fennoscandia. Material-dependent effects are visible but screened by the dominance of charcoal data in the age range 9000-2000 BP. Due to sample degradation, old wood and bone dates are rare, but these materials start to dominate the total distribution for ages younger than 2000 BP. Because of these sample material differences, equal taphonomic corrections based on 14 C-dated volcanic deposits cannot account for all the sample degradation effects, and hence, material-dependent correction procedures are suggested. The own age of wood and charcoal samples is visible in the observed Stone Age maximum, but it seems to be too modest to have a significant effect on the demographic conclusions on it.
Overall, keeping in mind the above discussion, we believe our research has shown a solid temporal distribution pattern of archaeological 14 C dates in eastern Fennoscandia, on which archaeological interpretations and spatiotemporal modeling can be based.
